The Supreme Court's 2006 eBay ruling marked a turning point in injunctive relief policy. Unfortunately, there seems to be considerable confusion about the implications of the decision. Some authors, concerned over patent holdup and excessive royalty rates, interpret the eBay decision as giving a green light to district courts to deny injunctive relief to "nonmanufacturing patent owners". Using an error cost framework, we examine the theory and evidence behind patent holdup concerns as they relate to injunctive relief policy. We find that the holdup theory justifying categorical limitations on injunctive relief rests upon overly narrow assumptions. As a result, categorical limitations are likely to result in substantial "false positives", where patent holders with no designs of patent holdup are nonetheless denied injunctive relief. Instead of advocating categories of denial, we argue that the majority opinion in eBay can and should be read as a return to a balancing test, where costs and benefits are weighed carefully before granting or denying a patent injunction.
I. INTRODUCTION
The importance of innovation for the global economy is well understood and commonly agreed. 2 The importance of patent protection, however, is not. In particular, while many scholars maintain that the impact of patent protection is crucial to provide incentives to innovate in a market economy, 3 there is considerable controversy about the appropriate division of the profit from innovation among multiple patent holders when a complex technology involves many innovative components, or when innovation is cumulative. In these circumstances, the effects of changes in the division of profit on the overall incentive to innovate are often ambiguous, since some innovations are encouraged to the detriment of others. 4 Not surprisingly, then, patent policy has been the subject of heated debate for many years.
The patent policy debate entered a new phase in 2006 with the Supreme Court's eBay, Inc. v. MercExchange LLC decision ("the eBay decision") regarding injunctive relief for patent holders in infringement suits. 5 Prior to 2006, many observers felt that lower courts faced with patent infringement cases frequently granted injunctions as a matter of course to those who sought them. 6 Empirical studies showing high odds for obtaining an injunction support that view. Among district court cases from the early 1980s through the mid 1990s, for example, 61% of those seeking an injunction were granted one. 7 Among those cases moving on to the Federal Court of Appeals over the same period, 58% of the injunctions granted were affirmed. The percentages vary considerably from year to year, though, ranging deploy in these holdup schemes is the threat of closing down the manufacturer. According to injunction-limitation advocates, such a threat is so powerful that the manufacturer will agree to pay excessive licensing fees, i.e., greater than the patent holder's true economic contribution. Following this reasoning, in his concurring statement Justice Kennedy wrote An industry has developed in which firms use patents not as a basis for producing and selling goods but, instead, primarily for obtaining licensing fees. …For these firms, an injunction, and the potentially serious sanctions arising from its violation, can be employed as a bargaining tool to charge exorbitant fees to companies that seek to buy licenses to practice the patent.
14 Concern over the misuse of injunctive relief as a tool for patent holdup is rooted in the academic literature. Recent articles have argued that injunctive relief provides too much negotiation strength for patent holders and thus these articles have called for changes to policy on that basis. 15 The academic analysis centers on denying injunctions to particular categories of patent holders that the authors feel might be more prone to engage in patent holdup. That is, the papers have attempted to identify easily observable indications of patent trolls. For example, Lemley and Shapiro advocate …that one circumstance in which courts should consider denying injunctive relief -or at a minimum delaying it -is when the product that would be enjoined contains multiple components, of which only one is the subject of the patent suit.
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These authors also appear to equate "non-practicing patent holders" with trolls:
Defining a 'patent troll' has proven a tricky business, but that does not mean the problem does not exist. 'Non-practicing entities' account for 30-40% of all patent suits filed in the computing and electronics industries, for example.
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In a separate paper, Shapiro also calls for limiting injunctions for "non-competing" patent holders.
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Evidently heeding the academic advice, the district courts since eBay are by and large denying injunctive relief when the patent holder does not practice its patents or when it does 1575 (2003) . 16 See Lemley & Shapiro, supra note 13, at 39. 17 Lemley & Shapiro, supra note 13, at 21. 18 Shapiro, supra note 15, at 24.
not compete directly with the accused infringer. 19 In an analysis of the cases involving a request for injunctive relief that have come to the courts since eBay, Smith finds that:
In place of the former general rule that injunctions must issue is a new emerging consensus that plaintiffs that use their patents to manufacture products and compete with the infringing defendant are likely to obtain injunctive relief, and plaintiffs who simply seek to license their inventions are not. Justice Kennedy's concurrence alluded to the significance of who the plaintiff is -a competitor or a licensor -and district courts seem to be finding the same thing important when performing their analysis. Thus although a majority of the Supreme Court did not recognize such a distinction per se, district courts are certainly doing so in practice. 20 We understand the concerns over patent holdup. However, the post eBay case law seems to be leaning towards a one-sided approach which favors a manufacturing licensee's point of view with little consideration given to the impact on firms with other kinds of legitimate business models, such as innovators with limited or no presence in downstream markets ("non-manufacturing" or "non-practicing" patent holders). In fact, at least one practicing lawyer has gone on record recommending that patent holders invest in manufacturing facilities simply to increase their odds of obtaining injunctive relief.
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While patent trolls are certainly a possibility, painting all or most non-vertically integrated patent holders as intent upon holdup does a great disservice to the many truly innovative research oriented companies operating in high technology markets today. 22 For example, some biotech firms focus on R&D, leaving drug development or commercialization 19 See, e.g., John M. to the larger pharmaceutical companies. 23 In various industries, certain firms specialize in R&D for particular niche technologies. Still other firms manufacture in one market, but conduct R&D far more broadly than their downstream operations would prescribe. All of these firms, in contrast to patent trolls, invest heavily in research and development, benefit from the broad dissemination of their technologies, and thus have strong incentives to price their patents at reasonable levels while still providing an adequate return on their risky investments in R&D. 24 We argue in this paper for more balance in the granting and denying of injunctive relief.
While we recognize that courts will face circumstances that warrant denying injunctions, we feel that both theory and empirical evidence on patent holdup call for prudence. As for theory, we highlight the benefits of injunctive relief and the need to weigh those benefits against the possible costs, following the four factor equity test affirmed by the Supreme Court majority in the eBay decision. We also highlight the restrictiveness of the assumptions required to achieve holdup effects in the models put forth in the literature, including that patent infringement is inadvertent and that the patent could have been circumvented easily if only the manufacturer had been aware of its existence. As for the empirical evidence, we point out the lack of hard evidence that patent holdup and other licensing problems are pervasive, not sporadic. We also note the lack of evidence that those alleged problems have had any significant adverse impact on R&D investment and innovation. From a broader perspective, we argue that there is little theoretical and empirical support for the presumption that non-manufacturing or non-competing patent holders operating in industries with complex, multi-component products are over-rewarded. Since there seems to be no such systematic distortion in the patent system, categorical restrictions on injunctive relief would impose a tax on non-practicing patent holders, favoring different business models that are not necessarily more efficient or more worthy of protection. In short, it appears that advocates of 23 According to the Economist, in 1998 roughly 18% of pharmaceutical R&D funds went toward outsourcing. G. denying injunction relief to certain patent holders have over-stated the benefits of such a policy and under-stated its costs.
Consequently, we argue that the district courts should follow more closely the majority opinion in the eBay ruling, which cautioned against categorical rules. As we illustrate below, non-practicing patent holders can be just as capable of passing an equity test as vertically integrated patent holders and multi-component products do not necessarily signify holdup.
Certainly strategies deliberately aimed at creating holdup should not be tolerated. But in attempting to reduce what appears to be a fairly narrow problem we must be careful to avoid the very real danger of under-compensating innovation and, in the process, reducing the incentives to create more of it.
The remainder of the paper discusses these points in greater detail in an error-cost framework. In Section II we take a closer look at injunctive relief in theory, both with and without patent holdup. Section III presents an error-cost approach for evaluating categorical denials of injunctive relief, laying out the likely costs of such rules. Section IV then turns to the policy implications associated with injunctive relief, including the inevitable link to reasonable royalty rate adjudications. Section V concludes.
II. UNDERSTANDING INJUNCTIVE RELIEF
To put the calls to limit injunctive relief in patent cases into perspective, we begin our analysis by recollecting the benefits it can provide in cases of patent infringement. We then illustrate a simple model of patent holdup taken from the literature that highlights a phenomenon that may justify the denial of injunctive relief in special circumstances.
A. Injunctive Relief without Holdup
The baseline argument for injunctive relief is a very simple one. 25 Consider a manufacturer M and a patent holder I, which has achieved an innovation of value v. 26 The obvious solution to the court's problem is to choose a "reasonable royalty" equal to the ex ante target, assumed here to be βv, which manufacturer M must pay to patent holder I.
One big problem, however, is that v is typically uncertain, and hence the court's assessment of βv is likely to be imprecise. Perhaps the court observes some (imperfect) signals of the true value v, but any remaining uncertainty--even after conditioning upon observable signals--is likely to be substantial. 32 As a result, errors are inevitable. When it determines the 27 Lemley & Shapiro, supra note 13, at 3. The model these authors present is described in more detail Section II.B. 28 This is not the only ex ante possibility of course. In fact, we believe it is more natural to assume that the negotiating parties would agree on a license fee of v, remunerating the patent holder fully for the value its innovation contributes to the product. Since the βv benchmark encompasses this case (when β = 1), and since it matches the assumptions of the one paper in the literature that presents a model of patent holdup, we follow the βv assumption here. 29 One could imagine that the manufacturer was not aware of the patent, or else the analysis is concerned with out-of-equilibrium scenarios that are never observed along the equilibrium path, but concur to determine the equilibrium play of the game. 30 The analysis that follows can be regarded as determining the disagreement point for the bargaining that may take place after I has detected the infringement but before litigation. If firms anticipate the outcome of litigation, the bargaining surplus at this stage is given by the litigation costs firms can save. Assuming for simplicity that litigation costs are borne by firms proportionally to their respective bargaining power, such bargaining would involve no redistribution of the compensation levels determined by the court.
31 This is, indeed, the socially appropriate goal if βv is the socially optimal level of the reward for the patentee and patent infringement is always detected with probability one (or retrospective money damages already provide the optimal level of deterrence). As we discuss later on, accounting for the risk that patent infringement might have never been detected can only reinforce the case for injunctive relief. 32 34 The upward-sloping straight line is the target reward βv, and the thick line is the actual reward with a finite prospective court-ordered royalty R (the horizontal line). The thick line accounts for the re-negotiation that takes place if the prospective royalty rate is above the target. 33 Given that there is no holdup problem and the validity of the patent is not at issue, the patent holder's bargaining power after the court has ruled that its patent is valid and violated by M is the same as its ex ante bargaining power. The manufacturer's threat point ex ante and ex post is also the same: stop manufacturing. If this threat is credible ex ante, it must also be credible ex post. 34 The underlying probability distribution of v is not drawn in the figure, but may obviously be important for the computation of the reasonable royalty R. Clearly, when v is low the patent holder obtains exactly βv, but when v is high I obtains less than the target reward and is therefore under-rewarded. As a result, to minimize errors the court should set the prospective royalty rate as high as possible (i.e., R goes to ∞), so that the thick line coincides with the upward sloping straight line that represents the target reward and, hence, the patent holder is not under-rewarded. Since injunctive relief is effectively equivalent to an infinitely large prospective royalty rate, this means that the court should grant the patent holder an injunction: in this simple setting, that is to say, the property rule is unambiguously superior to the liability rule.
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B. Injunctive Relief in the Presence of a Holdup Problem
The contribution of Lemley and Shapiro is to demonstrate circumstances in which patent litigation may result in excessively high prospective royalty rates. Their model is quite similar to the one above, but rather than assuming away patent holdup by setting switching costs to zero, they explicitly build holdup into the model. They envision a scenario in which manufacturer M has itself developed an innovative product, the value of which is denoted by 35 Under a property rule, patent owners have a right to completely prevent all uses of the patented technology. IP rights inadvertently and sells a product of value V + v, not just V. Re-designing the product in a non-infringing way after manufacturer M has been condemned for infringing I's patent (i.e., ex post) is now assumed to be costly: C denotes the cost of re-designing the product ex post, including any profits lost while re-designing the product.
37
If the royalty rate ordered by the court, R, is lower than the target reward, βv, then as before the patent holder is obliged to license and the manufacturer has no incentive to renegotiate. In this case, the patent holder will be under-rewarded with or without holdup.
But what happens when R is above the target reward? In the absence of holdup (i.e., when C = 0), the manufacturer renegotiates a license with a βv rate. With holdup (C > 0), this is no longer the case. To see why, we need to analyze the bargaining between firms M and I that takes place ex post.
The bargaining outcome is determined by the disagreement point (which determines the parties' payoffs if they fail to reach an agreement) and the parties' bargaining power (which determines the division of the bargaining surplus, i.e. the difference in joint payoffs between reaching and not reaching an agreement). In case of disagreement, M will get V -C, provided that V > C, because it can market a non-infringing product only after re-designing it. 38 Therefore, the bargaining surplus is C + v because an agreement will allow the manufacturer to save the redesign cost and also to incorporate the add-on feature, whose value is v. As a result, patent holder I gets β (C + v), which is greater than the target reward βv. With respect to the no holdup case, the twist is that when the court-ordered royalty is greater than βv, manufacturer M may now prefer not to re-negotiate ex post, and even if it does re-negotiate, I will obtain more than βv. As a result, the patent holder is now overcompensated if v is small. Figure 2 illustrates this possibility. 36 A similar argument applies if the innovator is a firm other than M and I, which has licensed its innovation to manufacturer M. 37 Lemley and Shapiro distinguish between direct costs of redesigning and lost profits. This allows for a richer set of predictions, but complicates the analysis. Merging the two components of the cost into a single index simplifies matters without altering the logic of the argument. 38 When V -C is negative, M would prefer to simply stop marketing its product rather than redesign it. In other words, when the costs of re-designing the product to avoid infringing the patent are positive and the incremental value of I's innovation (i.e., the difference between the value of a technology that includes its patent and the best non-infringing product), v, is small, patent holder I will be over-rewarded from an ex ante viewpoint. Furthermore, if C is sufficiently large,
is not just greater than βv but is also greater than v. Since v represents I's incremental contribution, in these circumstances patent holder I is over- 39 To be precise, the condition is
rewarded by any reasonable standard, and not just the (somewhat arbitrary) ex ante benchmark βv.
This simple model illustrates the nature of the holdup problem as presented in the literature: when re-designing the product to avoid infringement is costly ex post but inconsequential ex ante, patent holder I may be able to extract part of the re-designing costs M would have to incur if it stopped negotiating after the infringement has been detected and condemned.
This conclusion relies on several conditions. First, the manufacturer must have infringed inadvertently. Second, infringement must always be detected with certainty. Third, the technology must involve at least two complementary components, and the value of the innovative component covered by the infringed patent, v, must be small in comparison to the value of the product the manufacturer could have commercialized without infringing, V.
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And fourth, it must be costly to re-design the product in a non-infringing way ex post, in comparison to the manufacturer's easy circumvention of I's patent ex ante.
We address all four of these conditions in Section III, but first consider the consequences of the holdup problem for injunctive relief in the presence of the assumptions. Clearly, in this model granting injunctive relief (which is equivalent to setting R as high as possible) can over-reward the patent holder when holdup is a problem (i.e., when C is large). The choice is then between over-rewarding the patent holder if injunctive relief is awarded or underrewarding it if relief is denied and v is large.
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In principle, when holdup is a problem and v is uncertain from the court's perspective, the optimal policy is to always set a finite royalty R that balances the risk of under-and overrewarding the patent holder. 42 In practice, however, if court-ordered royalties are computed conservatively (R not too large), ex post re-designing costs are small (i.e., the distance 40 To see the role of this assumption, suppose that V were small; more precisely, that V < C and
. Then M's disagreement payoff would be zero, and the bargaining surplus would be V + v. Patent holder I would now obtain β (V + v), which is less than v (since V is lower than
Thus, when V is small, I is not overrewarded relative to its incremental contribution and the extent of the over-compensation is small even relative to the ex ante bargaining standard. 41 In fact, the perceived level of v can be used by the courts as a criterion to sort out "real innovations" developed by a non-manufacturing patent holder from dubious patents held by a patent "troll." This is analogous to the reasoning in Yahoo!'s amicus brief in eBay, Inc. v. MercExchange, L.L.C., supra note 14. 42 Such an optimal royalty rate depends on the underlying probability distribution; if high values of v are more probable than low values, for instance, the court should order a relatively high royalty.
between the two upward sloping straight lines, βC, is small, so that the holdup problem is not very serious), and there is a positive probability that infringement goes undetected, denying injunctions would almost surely under-reward the patent holder in expected terms. 43 Granting injunction relief, by contrast, may cause patent holder I to be slightly over-compensated, which however is preferable to leaving it substantially under-rewarded. Only if the holdup problem is serious enough (i.e., C and β are both large) can a court-ordered royalty rate be the most appropriate remedy.
III. AN ERROR-COST APPROACH FOR EVALUATING POLICY REFORM
In light of the discussion above, what should policy be? In an ideal world, the courts would identify any holdup problem, issue an injunction when there is no holdup or when the holdup problem is not significant, and set a prospective royalty rate that optimally balances the risk of under-and over-rewarding the patent holder in the presence of a significant holdup problem.
In reality, of course, this optimal policy can never be implemented exactly. All policies and regulations are enforced by people and all people, no matter what their good intentions, make mistakes. So, the courts will not necessarily set the reasonable royalty perfectly and they are likely to make mistakes in discovering holdups. The task, then, is to minimize the damage that such mistakes can cause. 44 On the one side is the risk of denying an injunction to a patent holder in the absence of a significant holdup problem, a type 1 ("false positive") error. On the other is the risk of granting an injunction to a patent holder who is indeed intent on holdup, a type 2 ("false negative") error. 43 Note that under those circumstances, v + in Figure 2 will be small and, therefore, the set of values of v for which the patent holder I is under-compensated very large. 44 Different policy rules entail different risks of type 1 and type 2 errors. If injunctions were granted routinely, for instance, type 1 errors would be avoided altogether but the probability of type 2 errors would remain. Conversely, with systematic denials of injunctive relief, the risk of type 2 errors would be avoided but a substantial risk of type 1 errors would emerge. Finally, categorical denials of injunctive relief, whereby injunctive relief is denied to certain types of patent holders, can produce both type 1 and type 2 errors if the category of firms for which injunctive relief is denied is not a clean match to the firms actually practicing patent holdup.
Getting a sense of how frequent these two types of errors are in practice is therefore crucial to appropriately designing policies and regulations. In other words, the relevant question for evaluating the pros and cons of injunctive relief as well as any categorical limit on its availability is not only whether patent holdups ever occur, but also how frequently they occur and when are they more likely to occur.
Thus, for example, abolishing injunctive relief altogether would be justified only if patent holdup were a common phenomenon in all types of patent cases, so that patent holders are systematically over-rewarded. To the best of our knowledge, however, no one has suggested abolishing injunctive relief outright. Most scholars recognize the benefits injunctions provide in many patent cases, finding "the presumptive right to injunctive relief to be an important part of the patent law." 45 Instead, the proposals for policy reform are more targeted.
The policy rule proposed by Lemley and Shapiro and others-and evidently guiding the district courts-essentially boils down to denying injunctive relief (or at least granting a stay of injunctions) whenever the holder does not practice the patent or does not license it exclusively and the product at issue contains multiple components only one of which is subject to the infringement suit. 46 If non-manufacturing/non-competing patent holders and complex technologies were necessary and sufficient conditions for a holdup problem to arise, and there was evidence that such patent licensing problems were prevalent when these two conditions are met, this proposal would be compelling. But as argued in the remainder of this 45 1293 (1996) . 46 Lemley and Shapiro recognize that their theoretical model is based on several restrictive assumptions. As we discuss at greater length later on, however, in the process of translating theory into a policy recommendation, the assumptions leading to hold up have been interpreted too broadly. Or at least, such too broad an interpretation seems to have been endorsed by the post eBay case law.
section, (a) theory does not justify a presumption against non-manufacturing or noncompeting patent holders and there is no evidence that they are systematically overrewarded, (section III.A); (b) the conditions for a serious holdup problem are much more restrictive than those implicit in the policy proposal to limit injunctive relief (section III.B);
and (c) there is no empirical evidence that patent holdup and related licensing problems are indeed prevalent in high-tech industries with non-practicing manufacturers (sections III.C).
A. Non-manufacturing, Non-Competing Patent Holders
The archetypical innovative firm many commentators have in mind is a large manufacturer that invested in R&D, patented some inventions, embedded those inventions in its own products, and--if the industry was complex or demanded compatibility--licensed the patents to other downstream firms as well, some of which were also vertically integrated upstream into R&D. But even if this has long been, and still is a prevalent business model, it is by no means the only legitimate one. The division of labor is, in fact, among the founding principles of economics, dating back to Adam Smith's description of pin manufacture, a far simpler product than the complex technologies at issue today. 47 Smith had in mind the division of labor in 1700s manufacturing, but the concept is the same here. Division of labor, specialization, and comparative advantage are equally applicable to splitting research and development apart from manufacturing as they are to splitting out the various steps of manufacture.
When the modern patent system was created during the era of the Industrial Revolution, firms did not routinely conduct R&D and patents were meant to protect independent inventors who would typically license their innovations. Golden documents that such independent inventors have long continued to account for a significant fraction of innovative activity in the US and elsewhere. 48 59 The traditional cross licensing scenario is not possible with nonmanufacturing patent holders, however. Upstream firms do not take profits in the downstream market and instead rely on royalty earnings.
The point of profit taking, however, does not define the social benefits of a firm's presence in the marketplace. R&D focused firms can be a welfare enhancing addition to an industry. 60 As noted above, these firms intensified competition in the semiconductor industry, and appear to have done the same for 3G cell phone handsets 61 and perhaps for biotechnology as well. 62 Moreover, as already explained, diversity in firm structure fits nicely with other economic theories, like comparative advantage. 63 Some firms will find their strengths lie in developing technologies, others in making products. Profit taking occurs at different points in the production chain for these two approaches, but this suggests looking at end user prices rather than comparing one cost element like royalty rates.
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The key question, then, is whether industry profits remunerate innovation appropriately.
In general, recent work suggests that patent holders are more likely to be under-than overcompensated. 65 Is there any reason to believe that non-integrated patent holders are overcompensated while vertically integrated companies are not? True, under the vertically integrated model aggregate royalty rates may be held down through cross licensing, but so is competition, which means that the integrated firms' price-cost margins could be relatively high. With more diversity in business models we may (though not necessarily) see cumulative royalty rates increase--and royalties are certainly an input price for final goods--but we also tend to see lower price-cost margins downstream. 66 Thus, there is no reason to believe that the price to the final consumers will be higher in the presence of nonmanufacturing patent holders and, hence, no reason to suspect that over-compensation is more likely for non-practicing entities.
Categorically denying injunctions to non-manufacturing patent holders therefore casts far too wide a net, increasing the likelihood of false positives. The proposed reform may also increase the likelihood of false negatives, since holdup problems may also arise when the IP holder is practicing the patent. To see why, contrast the following two scenarios. products. Manufacturer M2's product is non-infringing, while M1's product inadvertently infringes a patent that ex ante could have been circumvented easily. In the first scenario, the one envisioned by Lemley and Shapiro, the patent infringed by M1 is owned by nonmanufacturing, non-competing patent holder I. In the second scenario, instead, it is owned by rival manufacturer M2. The apparent district court policy and that advocated by Lemley and Shapiro would grant an injunction to M2, but not to I.
Is there any economic ground for the proposed different treatment? No, economic theory implies that in both cases there is a risk the patent holder is over-compensated and, as a consequence, that M1's incentives to innovate are disrupted. 67 In fact, the holdup problem may be even more serious when M1 is held up by its direct competitor M2, since nonmanufacturer I must perforce reach an agreement with M1 to earn a positive reward on its R&D investment, whereas M2 can profit by shutting M1's activity down and thereby obtaining a full monopoly. As a consequence of its stronger bargaining position, competing manufacturer M2 will most probably be able to charge a greater royalty than I. Of still greater concern, however, is the fact that if the two products are relatively undifferentiated, shutting down firm M1 is not only a credible bargaining threat for manufacturer M2, it can indeed be the most profitable strategy to carry out. In this case, any specific investment made by M1 is entirely lost--and consumers are harmed by higher prices and lower product variety. So, the non-manufacturing, non-competing category may result in numerous false positives (I may be denied an injunction incorrectly) and false negatives (M2 may be granted an injunction when it should not be).
B. Restrictive Assumptions
As noted in section II.B above, Lemley and Shapiro's theoretical model of holdup makes four assumptions: (i) the manufacturer infringed inadvertently; (ii) all infringements are detected with certainty; (iii) it is costly to re-design the product in a non-infringing way ex post, even though the manufacturer could have easily circumvented the patent ex ante; and (iv) the technology involves several complementary components and the value of the innovative component covered by the infringed patent is small relative to the value of the 67 It could be argued that differently from I, manufacturer M2 may not really want to enforce its IP rights, because its product may in turn infringe on some of M1's patents and M2 may fear M1's retaliation. But here we are concerned with remedies for patent infringement, a problem that can only arise after M1 has been sued and found to have infringed. At this stage, it is irrelevant that ex ante M2 may have been relatively less likely to sue than I.
product. All four conditions are important and should not be overlooked or oversimplified when moving from theory to policy.
In the policy recommendations for denying injunctive relief, however, these assumptions are either dropped or substantially weakened. Assumption (i) is reduced to "no explicit copying", a much easier hurdle to clear. Condition (ii), which is implicit in the theoretical model, is largely ignored, although it is crucial for obtaining the holdup results. Moreover, in the policy recommendation the important distinction between ex ante and ex post re-design costs is blurred. Finally, conditions (iii) and (iv) embed an additional assumption regarding the particular type of complementarity between components: while the stand-alone value of the technology owned by M is positive, that of the technology owned by I is zero. If all the multiple innovative components of a product are indispensable, however, the logic of the holdup problem, and hence the appropriate remedies, can be significantly different. We address these four points in turn.
Inadvertent Infringement
Inadvertent infringement means that at the time of designing the product the manufacturer was unaware of the patent, or else it genuinely believed its product to be noninfringing. To see why inadvertent infringement is crucial to the holdup result, assume manufacturer M was aware of I's patent ex ante. If it knew that the patent was valid (and maintaining the assumption that all infringements are detected), M would have bargained with I for a license before making any irreversible investments. In such ex ante bargaining, patent holder I would not obtain more than the target reward βv-i.e., patent holder I would not be over-compensated.
Suppose, however, that I's patent is valid only with probability θ < 1. Shapiro argues that in this case of probabilistic patents, a holdup problem can arise even if M is aware of I's patent rights before making any investments. 68 That is, inadvertent infringement is no longer a necessary assumption. Here, I's ex ante (target) compensation is θβv and θv is the incremental contribution in expected terms. Firm M, according to this argument, now has two options. First, it can negotiate with firm I ex ante, as if the patent was valid (θ = 1). Such bargaining will result in a payoff for firm I equal to βv, which exceeds the benchmark θβv, 68 Shapiro recognizes that inadvertent infringement is necessary if the patent is ironclad, with θ = 1. Shapiro, supra note 4, at 13. and so I is over-rewarded. 69 Alternatively, firm M could infringe on the patent and face litigation, but this second option would be costly. Hence, provided that the litigation cost is sufficiently large, M will choose to negotiate ex ante and firm I will be over-rewarded.
However, this result is based on the strong assumption that manufacturer M cannot contest the validity of the patent before designing its product, even though it is aware that I's patent is "weak." If the model is extended to allow M to litigate before designing its product, e.g. after having signed a licensing agreement or simply in response to I's threat of an infringement suit, there is no over-compensation. This result is clearest if litigation does not entail any cost, but similar conclusions also hold with costly litigation. In this case, M will always contest the validity of I's patent after signing a licensing agreement but before designing its product. 70 In the ensuing litigation, with probability 1 -θ the patent is ruled to be invalid and manufacturer M can incorporate the add-on feature freely. As a result, I's payoff is zero. With the complementary probability θ, the patent is ruled valid and M must compensate I, with I's payoff equal to βv. Therefore, I's expected payoff is θβv. Thus the award equals the ex ante target and there is no over-compensation.
Therefore, the appropriate criterion for denying injunctive relief is that the defendant infringed inadvertently, not merely that it did not explicitly copy. The difference is not a minor one: re-developing an innovative technology without mechanically copying it can be a relatively easy task, especially when the infringer knows that the innovative technology already exists.
It should be clear, however, that an inadvertent infringement criterion may create perverse incentives. As has aptly been said, "Any party that did not use due diligence to find out whether its conduct constituted infringement would be in the advantageous position of using its own neglect to undermine the legal protection otherwise available to a patentee.
Potential infringers would have a palpable incentive to decrease inquiry into existing patent rights, which would in turn increase the number of infringement disputes." 71 To avoid those risks, and hence avoid encouraging even greater false positives, it is important that injunction policy require a defendant to establish not only that it infringed inadvertently, but also that it exercised due diligence in searching for any IP right its product might have violated.
Uncertain Detection
In Lemley and Shapiro's theoretical model, infringement is always detected with certainty and hence in equilibrium manufacturers never infringe voluntarily. 72 In reality, companies may choose to infringe just to save royalty payments, hoping that patent holders do not have the will or the resources needed to detect or pursue each and every instance in which their patents are infringed. We therefore introduce the far more realistic assumption that some infringements go undetected. To deter deliberate infringement, the patent holder must still obtain its target reward βv on average even after accounting for the possibility of no detection.
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Suppose that firm M deliberately infringes I's patent and that the infringement is found only with probability σ < 1 (i.e., σ denotes the probability that I detects the infringement and files a suit). Assume that if the infringement is found and injunctive relief is granted, M is forced to re-design its product incurring a cost equal to C. Then, with probability 1 -σ, firm I receives a payoff of 0, while its payoff equals β (C + v) with probability σθ -i.e., the probability that I detects the infringement multiplied by the probability that the patent is 71 72 Even when the patent is probabilistic and M's best strategy in the model would be to "infringe and litigate", what actually happens in equilibrium is that M and I reach a licensing agreement whose terms reflect their best alternative strategies (i.e., the disagreement point). 73 Here we focus on prospective damages. Some deterrence can also be provided by retrospective money damages; for instance, for firms that are determined to have willfully infringing a patent, judges can assess treble damages and oppositions' lawyers' fees. Nevertheless, the possibility of facing this punishment does not appear adequate to completely prevent purposeful infringement, especially when "rational ignorance" in conducting patent searches is included. See found valid and infringed. 74 Firm I's expected payoff therefore equals σθβ (C + v), which can be less than θβv, the target reward with probabilistic patents and perfect detection, even if C is positive and fairly large provided that σ is sufficiently small.
Figure 3: Patent Infringement Compensation Levels with Naked Infringement
The relative importance of the potential over-compensation and under-compensation problems in this case is illustrated in Figure 3 . The figure shows that even in the presence of a holdup problem, granting injunctive relief may not necessarily over-compensate patent holders. Over-compensation requires that C is large relative to v if σ is small. The smaller is the probability of detection σ, the more likely it is that we have an under-compensation problem. Clearly, then, policy should be concerned not only with the possibility of holdup, but also with manufacturers' incentives to behave opportunistically, purposefully infringing a known patent or failing to adequately search for patents.
Complex Technologies and Multi-component Products
Lemley and Shapiro argue that injunctions should be denied in "situations in which a downstream firm produces a complex product that potentially or allegedly infringes many One might counter that C can now be interpreted as the cost M must pay to develop its innovative component. With this interpretation, in the ex ante bargaining, i.e. before M has sunk this cost, the bargaining surplus is W -C and so I would obtain β (W -C). But ex post, once M's cost is sunk, I can obtain βW. As a result, firm I is again over-rewarded by βC.
This argument, however, is one-sided: it emphasizes the R&D costs borne by firm M but neglects entirely those borne by firm I to develop its own innovative component.
To arrive at a more balanced conclusion, let c denote the R&D cost I must bear to develop its innovative component. We can now distinguish three bargaining stages. First consider ex ante, i.e., before both firms sink their R&D expenditures. Here, the bargaining surplus is W -C -c and so I's gross reward is c + β (W -C -c), while M's gross reward is
In practice, such ex ante bargaining would occur very rarely, because it is often very difficult, if not impossible, to identify in advance which firm is going to develop which technology. Yet, according to the logic of Lemley and Shapiro's analysis, these ex ante rewards are the appropriate benchmarks for market outcomes. 75 Lemley & Shapiro, supra note 13, at 1994. With two-way complementarity innovators are more likely to be under-compensated and hence denying injunctions can be especially harmful. Intuitively, when both innovations 1 and 2 are needed to develop a product, 76 a firm racing for innovation 1 exerts a positive externality on the firms racing to achieve 2, and vice versa. This positive externality is a source of distortion that tends to reduce investment in R&D as compared to the social optimum: the firm that first achieves innovation 1 will only benefit from its invention if 76 Each innovative component has zero stand-alone value and both must be obtained in order to operate a new technology.
component 2 is achieved as well. Thus the expected payoff of each successful innovator is the reward in case of success multiplied by the probability (a fraction less than one) that both inventions are created. In view of this additional distortion, the optimal degree of patent protection is larger than in the stand-alone innovation case. Thus, for holdup to be a significant threat not only must the patent cover a single component of a larger complex product, but that one component must be minor (v small) and 77 Denicolò shows that with two innovative symmetric components the optimal aggregate degree of patent protection is twice as large as in the stand-alone case. Denicolò, supra note 65, at §5. 78 Lemley & Shapiro, supra note 13, at 2016. a standalone product excluding v must have been commercially and technically feasible ex ante. 79
Costly Redesign
As the discussion above should make clear, the important aspect of redesign cost (C) is not simply that it is high relative to the value of the patent (v), but also that it is considerably higher ex post than it would have been ex ante. This follows because the holdup problem is a consequence of the greater difficulty of making later what could easily have been done early on.
In Lemley and Shapiro's model, the cost of designing a non-infringing product is zero ex ante. Thus, C denotes both the ex-post cost and the difference between the two. When they move to their policy recommendation, however, they simply posit that "the court should evaluate the cost that the infringing firm would have to incur to redesign its product to avoid infringing the patent. If this cost is high relative to the value that the patented technology has added to the infringing firm's product, no permanent injunction should be issued."
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This policy recommendation is overly broad in relation to the model's findings. If the suggested criterion were taken to mean that injunctive relief should be denied (or stays of injunctions routinely granted) whenever it is very costly or even impossible to design the product in a non-infringing way ex ante, this injunction policy would penalize the most valuable patents--precisely those that are most difficult to circumvent even with full knowledge of the patent. Instead, to be consistent with the theory, the policy should indicate that to avoid injunctive relief an infringer must show not only that it is costly to redesign the product in a non-infringing way ex post, but also that it could easily have designed the product in a non-infringing way ex ante if only it had been aware of I's patent (which again emphasizes the importance of the inadvertent infringement assumption). 79 In practice many complex products involve not one or two components, but hundreds. The issue is the same however: is a product viable ex ante without the contested component(s) or not? If not, the difference between the ex ante and ex post redesign costs will be small to zero as both are quite large, and thus holdup will be minimal or non-existent, except for the issue of R&D costs discussed above. 80 Lemley & Shapiro, supra note 13, at 2037.
C. Evidence of Patent Holdup
The discussion above makes clear the theoretical circumstances under which patent holdup can occur are fairly narrow. The next important question is whether those circumstances are narrow in practice as well.
It is very difficult, if not impossible, to find systematic evidence on the holdup phenomenon. Strictly speaking, establishing a patent holdup would require comparing the royalty rate that would have been agreed by the parties ex ante with that determined ex post, when the manufacturer had already designed its product and started to commercialize it. But most of the time this comparison is counterfactual, since almost by definition either the ex ante or the ex post royalty rate can be observed, but not both. For the same reason, even anecdotal evidence on patent holdup and related licensing problems is at best circumstantial, and hence inevitably controversial.
Patent Holdup
Lemley and Shapiro cite two cases as evidence of holdup: Rambus charging "a 0.75% royalty rate for patents that do not cover industry standards and 3.50% for patents that do cover industry standards" and RIM's settlement with NTP for $612.5 million in the case over BlackBerry email wireless service. As a matter of fact, however, the claim concerning Rambus' licensing policy is incorrect: 81 both royalty rates concerned standardized products, and the difference in royalty rates was due to the fact that the latter incorporated more patented components.
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As for the BlackBerry case, Lemley and Shapiro note that "the settlement was eighteen times the jury award". 83 Assuming the jury award corresponds precisely to the ex ante royalty rate, however, "the damages the jury awarded were only for six of fifteen remaining 81 To be sure, there seems little doubt that Rambus tried to holdup its licensees, but its attempt was struck down by the FTC. There are indeed several reported cases in which patent holders unsuccessfully threatened to holdup manufacturers, suggesting the effectiveness of available remedies, such as antitrust policy, the traditional equitable doctrine of laches and estoppel, or the mere fact that manufacturers often take care of designing their products in a non-infringing way if they can. 23, 2004 ). The royalty rates are 0.75 for SDRAM (see p1262) and 3.5 for DDR SDRAM (see p1390), both of which are covered by JEDEC standards. The DDR SDRAM royalty was higher due to more patented technologies incorporated: the JEDEC-compliant SDRAM parts were reported to use two of the four Rambus technologies at issue--programmable CAS latency and programmable burst length, but not dual-edge clocking or on-chip PLL/DLL--whereas the JEDEC-compliant DDR parts use all four (see p1260, 1261, 1388, 1389). 83 Lemley & Shapiro, supra note 13 , at 2014 n.35.
years of the patent, […] and there is reason to believe RIM will sell more BlackBerries in the future than in the past". 84 At the time of the jury's award (November 2002), the email wireless service was still early in its lifecycle. Thus, in the absence of a careful empirical analysis of the product lifecycle and the evolution of the industry it seems difficult to conclude with any certainty that there is a significant holdup problem even for this infamous case.
Royalty Stacking
Royalty stacking is a related licensing problem where the multi-component nature of a product leads to an aggregate royalty rate that is excessive even though individual rates may be reasonable (i.e., the many individual royalties stack up to a high total). The empirical evidence that royalty stacking is common is also quite weak, as some of us demonstrate in a separate paper. 85 To summarize those findings here, we find that the empirical literature testing the validity of the royalty stacking theories in the real world is sparse and typically
inconclusive. The few studies presenting empirical evidence report decidedly mixed results.
Researchers have found a possible but limited royalty stacking effect in the software industry, 86 a possible effect in the semiconductor industry that is apparently mitigated through market mechanisms (primarily cross-licensing), 87 no measurable effect in the mobile telecom industry, 88 and no systematic evidence in the biomedical industry.
The case studies that Lemley and Shapiro present do little to advance the question.
90
They start by discussing patenting in 3G cellular (WCDMA-Wideband Code Division
Multiple Access) and Wi-Fi technologies. In both of these sectors, patenting is extensive, with hundreds of patents relevant for each technology. Moreover, in both instances the patents are held by a large number of firms. These two points suggest that royalty stacking could occur, but do not prove that it has in fact occurred. From patent proliferation and a fragmentation of IP rights, however, Lemley and Shapiro claim that there is an overcompensation problem due to royalty stacking. 91 We cannot make that connection without more information, though. Royalty stacking requires that the asking prices for a group of complementary patents exceed in the aggregate their objectively determined "fair"
value. The only conclusive evidence of royalty stacking, therefore, comes from comparing actual licensing terms against an objective estimate of patent value. 92 
Summing Up
Taking all of the evidence together, we find the proof of prevalent, recurring patent holdup and royalty stacking in high-tech industries to be extremely weak. Proponents of categorical injunction limitations might counter that it is the absence of the data needed to truly assess how common holdup and royalty stacking are--licensing contracts and patent valuations--that drives the dearth of evidence. If we were to look at appropriate (but publicly unavailable) measures, we might see how often these problems occur. This is, however, a rather speculative basis on which to ground significant policy reform. . 98 An additional consideration for pure manufacturing firms paying relatively higher royalty rates is that costs of this sort provide incentives for such firms to move beyond manufacturing. Two firms in the ICT sector that appear to be taking this evolutionary path are Samsung & Huawei. These firms began as manufacturing outsourcers, making other companies' products. They are now investing in R&D of their own and have begun to patent their inventions. As they begin to contribute to the development of cellular products (and the standards defining them), their royalty burden will likely fall through cross licensing arrangements. 
IV. POLICY IMPLICATIONS
The appeal of categorical denials for injunctive relief is easy to understand. If it were always the case that firms fitting into well defined boxes were the ones, and the only ones, most likely to be engaged in holdup, then categorical denials would spare the court the messy and costly task of evaluating the particulars of each case. The risk of false positives would be minimized, as would the risk of false negatives, and we would meet our goal of error cost minimization. Unfortunately, as just shown, the categories proposed in the literature and evidently being deployed currently by district courts, while certainly clear, could capture far more than the handful of potential bad actors sought after. Instead a great many innocent parties, in that holdup was not their goal, could be boxed in as well. In other words, when the tests are either flawed and/or imprecise, as the tests discussed above are, policy relying on them can create a large number of errors. 99 An error cost approach would therefore lead us to reject categorical limits on injunctions.
A. Guidance for Injunctive Relief
What should guide injunctive relief? The obvious answer is that the four-pronged equity test already established in the case law and reaffirmed by the majority in the eBay decision should be the proper guide. While some authors have focused on Justice Kennedy's concurring option as giving a green light to district courts to deny injunctive relief to "nonmanufacturing patent owners", 100 we see the majority statement as more of a call for district courts to return to a balancing test from a course of nearly automatic granting of injunctive relief. But traditional equitable principles do not permit such broad classifications [as assuming all non-practicing patent holders do not qualify for an injunction]. For example, some patent holders, such as university researchers or self-made inventors, might reasonably prefer to license their patents, rather than undertake efforts to secure the financing necessary to bring their works to market themselves.
The main gist of the Supreme Court opinion, as we read it, is rather a call for the lower courts to adhere to the four-factor test already established. 103 We see no reason why nonmanufacturing or non-competing patent holders could not meet this test.
In relation to the first factor of irreparable injury, most scholars agree that injunctions are critical tools for patent holders in achieving the rights legitimately granted by a patent. Thus one author writes that "limiting a patent holder's ability to stop the infringing activity will severely diminish the value of the patents because the only right inherent in a patent is the right to exclude others from its use." 104 An R&D focused firm has little other leverage in achieving fair payment, as explained above, and does not have the option of employing the patent itself. Nor would we want to encourage R&D focused firms to make inefficient investments in downstream operations merely to pass an injunction test. 105 Moreover, when a court denies an injunction the firm's ability to attain fair remuneration from other (future) potential licensees will be weakened as well, as those firms will look to the public terms settled on in the court dispute. These injuries do not rest on the in-house practice of the patent or on direct competition with the licensee.
In terms of the second factor, the inadequacy of other remedies, note that the option of injunctions can aid in more complete contracting. Negotiations frequently cover entire patent portfolios, including all intellectual property issues between two companies. 106 Cross licensing can be a part of the talks even for upstream firms, for example when follow on research relies in part on complementary patents held by others. The courts, however, do not have the authority to order a defendant infringer to grant a cross-license of the infringer's patents to the successful patent holder plaintiff, nor to impose any other terms. In other words, all that the patent holder can recover in adjudication is cash royalties, not all of the other terms and conditions available during bilateral negotiations. If shifting bargaining power reduces the ability of the parties to reach agreement on these terms, patent holders cannot be made whole through reasonable royalty awards alone.
Regarding the third factor, the balance of hardships, because patents have expiration dates, timing issues must be considered when weighing harm. The literature has largely assumed away timing issues. For instance, Lemley and Shapiro argue that 107 It is true that stays will allow the infringing party to keep infringing for some period after the patent is found valid and infringed, but we do not see this as terribly unfair to the patent holder, since the infringing party will owe reasonable royalties for those infringing sales, so any adverse impact on the patent holder is no greater than the impact caused by the infringement during the pendency of litigation.
If court proceedings moved at a quick pace, ignoring delays might be reasonable. But this is far from reality. Patent infringement cases can take years to wend their way through the courts, and the average case takes approximately 15 months. 108 Meanwhile, any delay in payment benefits the infringer and harms the patent holder since a dollar today is always worth more than a dollar tomorrow. This is doubly true for R&D focused firms who rely on licensing for their revenues. 109 Nor is there any guarantee that the courts will apply an appropriate interest rate to account for the lost time. Thus, infringers tend to have strong incentives to drag out proceedings while patent holders generally have incentives to settle.
Furthermore, when courts finally do force payment, patent holders face considerable dangers in a court setting its royalty rates. Specifically, in the absence of ex post holdup a court-set royalty rate acts as a "cap", not a floor, on licensing terms, as illustrated in Figure 1 above. Furthermore, if a court sets a rate too low, it will not only cost the patent holder in that one transaction but will hinder the firm's future negotiations with other potential licensees, as no other party will pay more than the publicly noted court rate. This dynamic reinforces patent holders incentives to settle on a license, even when it appears that they will win a court case, just to avoid court set rates.
It is therefore easy to imagine circumstances where hardship arguments could favor either side in a patent dispute. Patent holders face substantial delays in receiving payment, delays that might jeopardize their operations; they also face the risk of inadequate royalty rates set by a court, and the long term repercussions that entails. On the other side are the potential losses to a manufacturer from shutting down its plant and the impact this might have on customers or the industry. It is the case particulars under the test that should decide this question and not the business model of the patent holder or its competing status with the alleged infringer.
Finally we come to the most important issue, factor four on public interest. The main point here is how the granting of an injunction would affect incentives for innovation. While in the short-term limiting injunctions may protect the investments of manufacturing firms, long-term innovation might be chilled. In particular, if injunctions are granted on the basis of whether the patent holder actually practices its invention or whether the product incorporates multiple patented inventions, the viability of a worthy business model would be hindered and incentives for innovation would be reduced. For all of these reasons, we agree with the majority opinion in the eBay decision: categorical limits on injunctive relief are not needed and could do much harm; instead careful application of the existing four-factor test is the best approach.
B. The Related Issue of Reasonable Royalties
Clearly, the two decisions the courts must make in a patent infringement case--whether to grant an injunction and, if not, how to set the prospective royalty--are strictly related, as we explained in section II above. In most of this paper we have focused on the first of these two decisions. And the issue of the optimal royalty is, indeed, of lesser importance if the courts grant injunctions relatively frequently. Nonetheless, given the link between the two, we end our analysis with a discussion of reasonable royalty rates. When determining the prospective royalty rate, if the courts really want to reproduce, at least in expected terms, the outcome of ex ante bargaining, they should target an inflated benchmark. As a result, any move toward denying injunctive relief more broadly should be accompanied by a move towards computing reasonable royalties more generously, and vice versa. Surprisingly, Lemley and Shapiro argue simultaneously for limiting injunctions and reducing reasonable royalties. It seems difficult to reconcile these combined proposals, unless there are reasons to believe that currently the courts are systematically inflating reasonable royalties, thereby over-compensating patent holders.
The evidence that Lemley and Shapiro present to this effect is, however, problematic.
They make two main empirical claims. First, they note that the average royalty rate granted by courts in all reasonable royalty cases contained in their sample (which is 13.13% of the price of the infringing product) is "surprisingly high". 112 To support this claim they refer to an estimate from the Licensing Economics Review finding an average royalty rate of 6.7%
for patent licenses negotiated without litigation. Second, they argue that "reasonable royalty rules do in fact accommodate component products, but only to a limited extent". 113 In support of this claim, they first compare the average royalty rate for component inventions in their sample with the average royalty rate for all inventions and for integrated product claims. They also compare the average royalty rate for electronic inventions (where allegedly royalty stacking is likely to be a problem) with the corresponding figure for mechanical inventions (somewhat immunized from that problem). They find that the average royalty rate for component inventions is 30% lower than the average royalty rate for integrated product claims and that the average royalty rate for electronic inventions is approximately 60% lower than the average royalty rate for mechanical inventions, but these discounts are regarded as insufficient.
A closer look at the claims demonstrates that they are not reliable. 114 Consider each claim in turn. One problem with the evidence presented to support the first claim is that the data sample is not a random extraction from the Licensing Economics Review sample. As a 112 Lemley & Shapiro, supra note 13 at 36. 113 115 Another problem is that the first, larger average royalty rate is derived from patents that have been ruled valid, whereas the second, lower average only corresponds to patents that may or may not be valid (i.e., probabilistic patents 116 ). Assume, for the sake of argument, that the patents in Lemley and Shapiro's court sample and those in the sample of the Licensing Economics Review were identical in all dimensions except for the fact that the latter are probabilistic, with a probability θ of being ruled valid if litigated. Then, the ratio between the reasonable royalty for a probabilistic patent with strength θ < 1 and the royalty rate for an ironclad patent (θ = 1) should be θ. If we calculate that ratio using the values Lemley and Shapiro report, we find that θ is approximately equal to 0.5, which is close to the probability that a patent was ruled to be valid in all patent cases in federal court that were litigated to final judgment in the year 2000. 117 That is, this factor alone can explain the difference between the average royalty rate granted by the courts in Lemley and Shapiro's sample and the average royalty rate for patent licenses negotiated without litigation.
Turning to the claim that the courts do not adequately accommodate component inventions, Lemley and Shapiro's discussion implicitly presupposes that the reasonable aggregate royalty rate for component inventions is the same as the reasonable rate for standalone inventions. 118 But theory suggests that the appropriate aggregate reward for complementary innovations is generally higher than for stand-alone innovations. 119 As a result, no discounting at all may be appropriate in some circumstances, and even when some discounting is indeed appropriate, it is generally less than division by the number of patents reading on a product. If the court-ordered reasonable royalty rate for component innovations is half that for stand-alone innovations, for instance, the courts did not necessarily mean that there are only two components in a multi-component product on average. Perhaps the courts are well aware that complex technologies involve more than two components on average, but also recognize the need to increase the aggregate reward with multi-component inventions and to allow for variations in patent value.
To sum up, we are unaware of any reliable evidence that the courts systematically overcompensate patent holders when setting reasonable royalty rates. On the contrary, theory suggests that the Georgia-Pacific factors, whose goal is to re-produce the royalty rate that would have been agreed by the parties, may under-compensate innovators inasmuch as they do not account for the possibility of re-negotiation ex post.
IV. CONCLUSIONS
Providing balance in the assessment of patent injunctions is critically important, with more than an academic inquiry at stake as real world policy decisions are often guided by proposals first set forth in scholarly journals. 120 With such high stakes at issue, we argue that a more thorough and balanced understanding of the threat of patent holdup is needed to better guide court decisions. The literature has made clear the potential costs resulting from patent holdup. What it has not made clear is whether the problem is widespread, but this key question must be answered before categorical limitations on injunctions are justified. If holdup is infrequent--as the available evidence suggests--then limiting injunctions to protect against holdup is itself a dangerous course. It might stop a case or two of patent holdup, but along the way it could catch a number of false positives as well. This would complicated; however, the optimal aggregate reward with complementary innovations is always greater than in the stand-alone case. 120 The current trend in district court rulings highlights this point. The recent Rambus opinion issued by the FTC also emphasizes the link, as that opinion cites a number of academic papers making theoretical points. reduce the expected cost of willful infringement and, consequently, could lead to under compensation for innovation in high technology industries.
Moreover, courts faced with injunctive relief decisions already have a well-functioning mechanism to rely on. The Supreme Court appears to believe that the existing four-factor test is flexible enough to accommodate the increasing ranks of non-manufacturing patent holders. 121 At a minimum, then, any substantial policy shift should be supported by evidence that the four-factor test is inadequate or has failed in some important way. 
